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REGISTRATIONS 2273
Lebsock, K.L., J.S. Quick, and L.R. Joppa. 1972. Registration ofbiotype L and placed in a controlled environment chamber
D6647, D6654, D6659, and D6660 durum wheat germplasm. Cropat 19.5 C and 12 h photoperiod. Thirty-two families segregated
Sci. 12:721.resistant (normal growth) and susceptible (stunted) plants ver-
Ratcliffe, R.H., F.L. Patterson, S.E. Cambron, and H.W. Ohm. 2002.sus 31 families in which all seedlings were susceptible, indicat-
Resistance in durum wheat sources of Hessian fly (Diptera: Cecido-ing a single partially dominant gene for resistance in CI 3984.
myiidae) populations in eastern USA. Crop Sci. 42:1350–1356.The reliability of the test was excellent; all 61 seedlings of CI
Williams, C.E., C.C. Collier, N. Sardesai, H.W. Ohm, and S.E. Cam-15329 were susceptible and all 63 seedlings of CI 3984 were bron. 2003. Phenotypic assessment and mapped markers for H31,
resistant. In scoring the number of resistant plants in segregat- a new wheat gene conferring resistance to Hessian fly (Diptera:
ing BC1F2 families, 91% of heterozygous plants expressed re- Cecidomyiidae). Theor. Appl. Genet. 107:1516–1523.
sistance in this test. In light of this evidence for a single gene
for resistance to Hessian fly biotype L in CI 3984, the relation- H.W. Ohm and F.L. Patterson, Dep. of Agronomy, Purdue Univ.,
ship of this gene with the one for resistance in CI 3146 (Cam- West Lafayette, IN 47907; R.H. Ratcliffe, S.E. Cambron, and C.E.
Williams, Purdue Univ. and USDA-ARS, West Lafayette, IN 47907.bron et al., 1995) was reexamined in the testcross CI 3146/CI
Contribution from Purdue Univ. Agric. Res. Programs as Journal3984//CI 15329. Testcross F2 families of 30 seedlings each were
Article no. 17188. Registration by CSSA. Accepted 30 April 2004.infested with Hessian fly biotype L and placed in a controlled
*Corresponding author (hohm@purdue.edu).environment chamber at temperature and light conditions as
described above, and similar to those described by Ratcliffe
Published in Crop Sci. 44:2272–2273 (2004).et al. (2002). All the 160 testcross F2 families segregated for
resistance and no recombinant susceptible families occurred,
which indicates that the single resistance gene of CI 3146 and Registration of Three Partial Waxy Winter Wheats
that of CI 3984 are allelic or very tightly linked. The test
96MD7413-58 (Reg. no. GP-773, PI 617069), 96MD7413-was very reliable in that all 261 seedlings of CI 15329 were
36 (Reg. no. GP-774, PI 617070), and 96MD7110-71 (Reg.susceptible, all 254 seedlings of CI 3146 and 263 of the 271
no. GP-775, PI 617071) partial waxy (reduced amylose) hardCI 3984 seedlings were resistant. The resistance of CI 3984
winter wheat (Triticum aestivum L.) germplasm lines werewas highly effective against Hessian fly populations collected
released by the ARS, USDA, and the Nebraska Agriculturalfrom Maryland, Delaware, South Carolina, and Georgia, as
Experiment Station in November 2002.well as biotype D in laboratory tests. The resistance of CI
These partial waxy wheats carry non-functional (null) al-3146 and CI 3984 were slightly different; all seedlings of CI
leles (Wx-A1b and Wx-B1b) at two of the three hexaploid3146 were resistant to all four populations and all seedlings
wheat Wx loci. These loci encode isoforms of the enzymeof CI 3984 were resistant to three of the populations, but
85% of seedlings of CI 3984 were resistant to the population granule-bound starch synthase (GBSS, EC 2.4.1.21), also
collected in South Carolina (Ratcliffe et al., 2002). The slight known as the “waxy” protein. Wheats with nonfunctional al-
difference between CI 3146 and CI 3984 for the South Carolina leles at two loci are known as “double-nulls.” Double-null
population could be explained by sampling error, given that partial waxy wheats produce endosperm starch with reduced
the Hessian fly population is likely heterogeneous for viru- amylose content, relative to that of single-null or wild-type
lence. In view of results of our latter experiments, we believe wheats. Such starch confers unique functional properties to
the 42:2 testcross segregation reported by Cambron et al. derived wheat flour. Suggested uses for partial waxy wheats
(1995) may be due to accidental self pollination of the suscepti- include a novel source for the production of modified food
ble testcross parent. In our two latter tests described above, starches, and a blending agent to create flours with optimal
the susceptible line CI 15329 was used only as pollen parent. amylose concentration for the production of a variety ofThe inbred line P921696 is the progeny lineage of an F6 sheeted and baked food products (Epstein et al., 2002; Gray-plant that resulted from plant selection in F2, F3, F4, and F6 bosch, 1998). Partial waxy wheats also are useful as donorsgenerations for resistance to Hessian fly biotype L during
of the Wx null alleles for the breeding of completely waxyinbreeding in a pedigree breeding method following the sec-
(amylose free, triple null) lines. Crosses between double-nullond backcross to Cardinal, a soft red winter wheat cultivar
partial waxy wheats and completely waxy wheats will resultthat is susceptible to Hessian fly biotypes D and L. Typically,
in populations composed of 25% waxy individuals. In compari-15 to 30 progeny seedlings from F2, F3, F4, and F6 (not F5) plants
son, populations derived from crosses between wild-typewere infested with biotype L flies and placed in a controlled
wheat and waxy wheat will produce waxy progeny at a fre-chamber at 19C, 10-h photoperiod. Resistant (normal growth)
quency of only 1/64.and susceptible (stunted) seedlings were scored at 18 d after
infestation, similar to test conditions described previously 96MD7413-58 and 96MD7413-36 were both descended from
(Cambron et al., 1995). the cross NE90616/‘Ike’, while 96MD7110-71 was derived
Plants of P921696 are similar for plant height and spike from MT8713/NE87612//Ike. Ike (‘Dular’/‘Eagle’//2*‘Cheney’/
and kernel characteristics to the recurrent parent, Cardinal. ‘Larned’/3/‘Colt’) is the source of the double-null trait for all
P921696 is a soft red winter wheat. P921696 has neither been three lines. Ike is a hard red winter wheat released by the
tested in performance trials nor for diseases and pests other Kansas Agricultural Experiment Station in 1994. To date, Ike
than Hessian fly. Stems of P921696 are hollow, anthocyanin is the only known double-null partial waxy wheat cultivar
is absent. Spikes are awnless, fusiform, and lax. Glumes are released for cultivation in North America, and in 2003, was
glabrous, long, midwide, and white at maturity. Anthers are seeded on approximately 2% of the total wheat acreage in
yellow. Kernels are red, long, and elliptical; crease is midwide Kansas (http://www.nass.usda.gov/ks/whtvar/whtvar03.pdf; veri-and middeep; cheeks are rounded; brush is midsized, midlong, fied 17 June 2004). NE90616 (‘Arapahoe’/Colt 83 composite)and not collared.
is a hard winter wheat breeding line developed by the Uni-
H.W. Ohm,* F.L. Patterson, R.H. Ratcliffe, versity of Nebraska. Colt 83 composite was an unreleased
S.E. Cambron, and C.E. Williams reselection from the cultivar Colt. NE87612 (‘Newton’/‘War-
rior’ 5*/‘Agent’/3/NE69441) also is a hard winter wheat breed-
References ing line from the University of Nebraska. The pedigree of
NE69441 was ‘Ponca’/3*‘Cheyenne’/3/‘Kenya58’/‘Newthatch’/Cambron, S.E., F.L. Patterson, H.W. Ohm, R.H. Ratcliffe, and G.G.
2/2*CTMH/4/‘Scout’. The pedigree of CTMH is Cheyenne-Safranski. 1995. Genetic analysis of Hessian fly resistance in eight
durum wheat introductions. Crop Sci. 35:708–714. ‘Tenmarq’-‘Mediterranean’-‘Hope’ where the order of the
CROP SCIENCE, VOL. 44, NOVEMBER–DECEMBER 2004
R
ep
ro
du
ce
d 
fro
m
 C
ro
p 
Sc
ie
nc
e.
 P
ub
lis
he
d 
by
 C
ro
p 
Sc
ie
nc
e 
So
cie
ty
 o
f A
m
er
ica
. A
ll c
op
yr
ig
ht
s 
re
se
rv
ed
.
2274 CROP SCIENCE, VOL. 44, NOVEMBER–DECEMBER 2004
crosses is unknown. MT8713 (PI 564762), (‘Roughrider’//TX Meter CR-210, Minolta Camera Co. Ltd, Osaka, Japan) L*
(brightness), a* (redness), and b* (yellowness) values, from55-391-56-D8/‘Westmont’), a sib line of the cultivar Erhardt,
is a hard red winter wheat breeding line developed by Montana all three lines was similar to that of Arapahoe, Redland, and
TAM202, but slightly less stable than that of Ike. AdditionalState University. TX55-391-56-D8 was descended from ‘Sinva-
locho’/‘Wichita’//‘Hope’/‘Cheyenne’/3/Wichita/4/‘Seu Seun 27’. quality testing of samples of 96MD7413-58, 96MD7413-36,
and 96MD7110-71 from the 2001 NRPN revealed that soundThe three germplasm lines were developed as follows: F1
plants were grown in the greenhouse at Lincoln, NE. F2 and grain from all three lines had significantly lower stirring num-
bers (as determined by the Rapid Visco Analyser), than allF3 populations were seeded at Mead, NE, in 1994 and 1995,
respectively. No selection other than winter-survival was exer- other entries. The lower stirring numbers indicate altered
starch cooking properties. 96MD7413-58 and 96MD7413-36cised during the F2 and F3 generations. In 1996, head selections
were made from F3 bulk populations grown at Mead, NE. produce stronger doughs than the NRPN check cultivar Abi-
lene, while dough strength of 96MD7110-71 is slightly weakerStarch was purified from a bulk sample of 8 seed per head;
starch-granule proteins were purified and separated by gel than that of Abilene. Loaf volumes of all three lines are similar
to Abilene, but all three also produce loaves with less desirableelectrophoresis as described by Nakamura et al. (1995) to
identify wx loci genotypes. The wx genotypes are easily identi- internal appearance (loaf grain). The poor loaf grain is related
to the altered starch properties, and suggests that partial waxyfied by electrophoretic migration patterns of the waxy protein
isoforms. Remnant seed of each head was seeded in unrepli- wheats, if cultivated for their unique starches, should be sepa-
rated in marketing channels from typical hard winter wheats.cated rows at Berthoud, CO, in February 1997. Each line was
selected from a single F3:4 rows. The release of these partial 96MD7413-58, 96MD7413-36, and 96MD7110-71 are red
seeded, hard grained, awned, winter wheats. All three arewaxy lines expands the number of available genetic back-
grounds carrying the double-null trait in wheat. heterogeneous for unidentified resistance genes to Hessian
fly (Mayetiola destructor Say), but are susceptible to greenbugIn crop year 1998, starch amylose concentrations of
96MD7413-58, 96MD7413-36, and 96MD7110-71, based on (Schizaphis graminum Rondani) and Russian wheat aphid
(Diuraphis noxia Mordvilko). All three also are moderatelymeans from two environments, were 184, 184, and 179 g kg1,
respectively. In comparison, amylose concentrations of Ike resistant to present prevalent races of stem rust (caused by
(double-null), ‘TAM-202’ (wx-B1b, single null), ‘Redland’ Puccinia graminis Pers.: Pers.). 96MD7413-58 and 96MD7413-
(wild type) and ‘Vista’ (wild type) were 189, 212, 233, and 36 are postulated to carry Sr6, Sr17, and Sr24, while
237 g kg1, respectively. In replicated yield trials in 4 Nebraska 96MD7110-71 is postulated to carry Sr17 and Sr36. All three
environments over the 1999 and 2000 crop years, grain yields are susceptible to common races of leaf rust (caused by Pucci-
of 96MD7413-58, 96MD7413-36, and 96MD7110-71 averaged nia recondita Roberge ex Desmaz.). 96MD7413-58 has some
2822, 2859, and 2675 kg ha1, respectively. In the same environ- tolerance to infection by Wheat soilborne mosaic virus, while
ments, the check cultivars Arapahoe, Ike, Redland, TAM202, the other two lines are moderately susceptible.
and Vista averaged 2344, 2990, 2709, 2920, and 2706 kg ha1, Seed of all lines has been deposited in the USDA National
respectively. Respective volume weights of 96MD7413-58, Small Grains Collection, Aberdeen, ID. Small quantities of
96MD7413-36, and 96MD7110-71 were 66.6, 76.3, and 69.7 kg seed may be obtained from R. Graybosch, USDA-ARS, Uni-
hL1, as opposed to volume weights of 65.5, 77.3, 64.5, 74.2, and versity of Nebraska, Lincoln, NE 68583. It is requested that
71.1 kg hL1 for Arapahoe, Ike, Redland, TAM202 and Vista. the source of this material be acknowledged in future usage
96MD7413-58, 96MD7413-36, and 96MD7110-71 were en- by wheat breeding and genetics programs.
tered in the USDA-ARS coordinated Northern Regional
R.A. Graybosch* and P.S BaenzigerPerformance Nursery (NRPN) in 2001. Over 12 production
environments in the northern Great Plains in 2001, respec-
tive mean grain yields of 96MD7413-58, 96MD7413-36, and Acknowledgments96MD7110-71 were 4035, 3849, 3853 kg ha1, as opposed to
respective grain yields of 3921, 3857, 3952 kg ha1 for the check The authors wish to acknowledge the assistance of John
cultivars ‘Abilene’, ‘Nekota’, and ‘Trego’. Volume weights of Moffatt, Agripro Wheat, and Nancy Ames, Agriculture and
grain harvested from 2001 trials of 96MD7413-58, 96MD7413- Agrifood, Canada.
36, and 96MD7110-71 were 72.9, 74.6, and 77.2 kg hL1, as
opposed to volume weights of 77.7, 75.8, and 78.1 kg hL1 for References
the check cultivars Abilene, Nekota, and Trego. Over the
Epstein, J., C.F. Morris, and K.C. Huber. 2002. Instrumental texturesame production environments, plant heights of 96MD7413-
of white salted noodles prepared from recombinant inbred lines of58, 96MD7413-36, and 96MD7110-71 averaged 75, 76, and
wheat differing in the three granule bound starch synthase (Waxy)69 cm, respectively. Average respective plant heights of Abi-
genes. J. Cereal Sci. 35:39–50.lene, Nekota, and Trego were 66, 71, and 69 cm. Average Graybosch, R.A. 1998. Waxy wheats: Origin, properties and prospects.
respective days (from January 1st) to heading for 96MD7413- Trends Food Sci. Technol. 9:135–142.
58, 96MD7413-36, 96MD7110-71, Abilene, Nekota, and Trego Nakamura, T., M. Yamamori, H. Hirano, S. Hidaka, and T. Nagamine.
were 159, 159, 158, 158, 158, and 158. On the basis of observa- 1995. Production of waxy (amylose-free) wheats. Mol. Gen. Genet.
tions from nine 2001 production environments in the northern 248:253–259.
Great Plains, 96MD7413-58 and 96MD7413-36 are less winter
R.A. Graybosch, USDA-ARS, 344 Keim, University of Nebraska,hardy than Abilene, Nekota, and Trego while 96MD7110-71
Lincoln, NE, 68583; P. Stephen Baenziger, Department of Agron-is more winter hardy than Abilene and Nekota, and equal to
omy & Horticulture, University of Nebraska, Lincoln. Joint contribu-Trego. All three germplasm lines are intolerant of acid soils.
tion of the United States Department of Agriculture, Agriculture
White salted noodle quality of 96MD7413-58, 96MD7413- Research Service and the University of Nebraska Agriculture Re-
36, and 96MD7110-71 was tested on samples from three envi- search Division as Journal Series Paper no. 14472. Registration by
ronments harvested in 2000. Relative to Arapahoe, Redland, CSSA. Accepted 31 May 2004. *Corresponding author (rag@unlserve.
and TAM202, all three produce softer-textured cooked noo- unl.edu).
dles, equal in softness to that of Ike. Color stability, as mea-
sured by changes over 24 h in Minolta Colorimeter (Chroma Published in Crop Sci. 44:2273–2274 (2004).
